Summary A case-control study on cancers of the oral cavity was conducted by utilising data from the population based cancer registry, Bangalore, India. Three hundred and forty-eight cases of cancers of the oral cavity (excluding base tongue) were age and sex matched with controls from the same residential area but with no evidence of cancer. The relative risk due to pan tobacco chewing was elevated in both males and females, being appreciably higher in the latter ( There have been five previous case-control studies on oral cancer from this part of the world (Orr, 1933; Shanta & Krishnamoorthy, 1959 , 1963 Hirayama, 1966; Sankarnarayanan et al., 1989) 
Cancers of the oral cavity (ICD sites [140] [141] [143] [144] [145] constitute one of the leading sites of cancer in men and women in India. The average annual age adjusted incidence rates in Bangalore for these combined sites of cancer is 5.0 per 100,000 in males and 9.3 per 100,000 in females (ICMR Annual Reports) . Pan (consisting of betel leaf, areca nut and lime with or without tobacco) chewing is a fairly common social habit particularly in the older population, and the habit is relatively more frequently seen in women than men, as men more often smoke than chew tobacco.
There have been five previous case-control studies on oral cancer from this part of the world (Orr, 1933; Shanta & Krishnamoorthy, 1959 , 1963 Hirayama, 1966; Sankarnarayanan et al., 1989) (ICMR, 1982-85; Bhargava & Nandakumar, 1987) . The area covered is the resident (at least one year's residence) population of Bangalore Urban Agglomerate.
During the years 1982-84, 6,409 new cases (ICMR, 1985) of cancer were registered in the population based registry. Because of the wide range of diagnostic and therapeutic facilities offered, 73.4% (4,707 new cases) of these were seen at Kidwai Memorial Institute of Oncology at some point of time or the other (ICMR, 1982 -85 Statistical analysis was by conditional logistic regression (Breslow & Day, 1980) which accounted for the matched design of the study and gave odds ratio estimates of relative risks (RR). Ninety-five per cent confidence intervals (CI) were calculated using the standard error of the regression estimates. Risk of one factor was adjusted for the risks of other factors. Those factors that were significant after adjustment of other factors were introduced stepwise into a multivariate model. Dose response was evaluated by tests for trend. Since only one female was a smoker and few females consumed alcohol, analysis for these factors was performed separately for males and females.
Results Table I shows the frequency of cases and controls. The average ages of cases and controls were nearly identical. There were slight differences between cases and controls in the proportion of different religions, language spoken and marital status. However, an appreciable difference was observed in the proportion of literates/illiterates among cases and controls. The proportion of literates among controls was more than twice that among cases. Table II summarises the relative risks associated with smoking habit in males, including type, years and number smoked per day. Cigarette smoking and any smoking was associated with a slightly elevated relative risk and this remained significant after adjusting for the effect of pan tobacco chewing (RR 2.6; 95% CI 1.3-5.2; P = 0.01). The relative risk in chewers and smokers was not appreciably different from that in chewers alone. A dose response as indicated by statistically significant elevated relative risks in those persons who gave a history of smoking for more than 25 years, or of smoking more than ten cigarettes/bidis per day was observed. Our investigation showed that snuff inhalation and alcohol consumption in both males and females had minimal influence on the occurrence of oral cancer.
The number of cases and controls, the relative risk estimates and results of significance tests for pan chewing with and without tobacco are shown in Table III . The risk of oral cancer associated with pan tobacco chewing was significantly high in both males and females but the value was substantially higher in females. Pan chewing without tobacco did not increase the risk of oral cancer.
In calculating relative risks for dose-response parameters (Table VII) . The risk of ever ragi consumption remained elevated after adjusting for pan tobacco chewing and educational status (RR 27.4; 95% CI 9.9-75.9; P<0.001).
In order to determine whether there was an interaction between pan tobacco chewing and consumption of ragi as the main cereal, the relative risk in subjects who chewed tobacco as well as consumed ragi was estimated and a marked increase in relative risk (RR 242.6; 95% CI 52.6-1119) was seen, compared to those who chewed tobacco without consuming ragi (RR 12.5; or those who consumed ragi without chewing tobacco (RR 32.5; 95% CI 8.8-119.5). Although the estimated risk in a multiplicative model would be 12.5 x 32.5 = 406.25 for significant interaction the estimated risk of 242.6 is very high (Table VIII) . (Ellis, 1921; Davidson, 1923; Jussawalla & Deshpande, 1971; IARC, 1985) The relationship between tobacco either chewed or smoked and development of cancer of the oral cavity is known (Ellis, 1921; Orr, 1933) . However, a distinction of anatomic subsites in relating risk factors appears important. By way of embryologic and anatomic development, and also because in pan chewing the anterior tongue and other areas of the mouth are exposed to a greater degree than the base of the tongue, it appears necessary to distinguish this portion of the tongue from the rest of the oral cavity. Our analysis on the risk associated with base tongue cancers is being reported separately.
A statistically significant dose response with respect to chewing habits in this study suggests that certain modifications in chewing habits could substantially reduce the risk of developing oral cancer. The most important of these and perhaps the easiest to follow by the average chewer would be to spit out the pan as early as possible (within 5 min) and not to retain the quid in the mouth overnight while asleep.
Smoking in this study did emerge as an independent risk factor although the strength of the association was greater for pan tobacco chewing. A dose response with smoking could be elicited, but appeared weak. Bidi smoking has been shown to be an independent risk factor for oral cancer by earlier investigators (Sanghvi, 1955; Jussawalla & Deshpande, 1971 ). We did not find any notable difference in relative risks between bidi and cigarette smokers or in those who smoked both.
Although the extensive study by the IARC (1988) has shown an elevated risk of oral cancers in those who consumed alcohol, our study, like the preceding one (Sankarnarayanan et al., 1989 ) from this region, did not show any association whatsoever. Any slight elevations in risk were lost once this factor was adjusted for pan tobacco chewing and/or smoking.
An indication of a possible protective effect of dietary factors, like milk, milk products and fish, on the risk of oral cancer has been reported earlier (Notani & Sanghvi, 1976) . However, it is for the first time that any relationship of oral cancer to a staple cereal consumed is being suggested. Since questions on diet for this study were asked routinely and not for testing any hypothesis related to diet, the finding here of highly elevated relative risk of oral cancer when ragi (Eleusine coracina; family graminae) was the staple cereal consumed calls for a more detailed assessment of diet and nutritional status in future studies on oral cancer. It is possible that our finding could be confounded by these and other various known and unknown risk factors. Some of these could be in relation to oral hygiene, socioeconomic status and other dietary habits of those consuming rice in contrast to ragi or wheat as the main cereal. Nonetheless, the finding here of substantially elevated risk in ragi consumers is important, particularly because of the marked increase in risk when combined with pan tobacco chewing.
That over 73% or resident cancer patients are referred to Kidwai Memorial Institute of Oncology (ICMR, 1982-85) makes data collection on a population basis through direct patient interviews relatively easy. An added advantage is the almost total absence of any problem related to confidentiality. The questioning and recording of details of patient habits by the social investigators was done immediately after the patient arrived at the institute and before any clinical examination or investigations. Therefore, the social investigators were not aware of the diagnosis or whether the patient was proved as cancer or not at the time of the interview and any interviewer bias is unlikely. The main limitation of this study is that only one control per case was used and that detailed information on socioeconomic and educational status was not obtained. In conclusion our study confirmed the role of pan tobacco chewing, and also demonstrated a significant dose response on the risk of oral cancer, but dietary factors, in particular ragi consumption, appear to enhance that risk considerably.
